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PRESSURE SWITCH FOR DETECTION OF THRUSTER OPERATION
OF LUNAR EXCURSION MODULE REACTION CONTROL SYSTEM

‘ by o
J. Delmonte
ABSTRACT

Information is presented on the construction of rugged, low pressure
threshold, miniature electronic pressure switches designed to with-

stand RCS combustion pressures and associated severe environmental
conditions.

Test data are presented to verify high speed of response, high over-
load protection, and stability during vibratory accelerations. Minor
design improvements are proposed.
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SUMMARY

Model 101038-0003 pressure switch transducer is described as a device

which produces a switching output as the pressure increases above the

design threshold.

The basic pressure sensor structure is that of an absolute analog
'@ transducer. The sensor consists of a gaged cantilever beam that is
deflected By a diaphragm-force rod system when the latter senses a

pressure from the RCS combustion chamber.

In order to provide the extremely high overpressure protection re-
quired by the LEM RCS application, the outer diaphragm is supported

by a rugged mechanical stop. In operation the diaphragm is displaced
;g so that it hits the stop at 1.5 times the threshold pressure of the
switch. Ability to withstand high shock loads as well as very large
static overpressures without shift in the threshold has been emphasized
by optimizing the stability of the threshold point. Nonlinearity of
the transducer and sensitivity changes with temperature variations can
be accommodated since only one point in the pressure sensing spectrum
£ must remain stable within practical tolerances. The requirements of

‘ this program were to provide a threshold switch signal at 23 péia

+3 psi such that:

iw Output ' (volts)
14 <E <28

Pressure < threshold

Pressure > thréshold +0.5 < E0 < +2.5

Results of the verification and acceptance tests indicate that the

basic design goals have been met.
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SECTION 1

INTRODUCTION

1.1 PROJECT IDENTIFICATION

The NASA Manned Spacecraft Center, Houston, Texas, requires a rugged,

reliable, miniature, lightweight pressure switch transducer capable
of switching on and off at a precise pressure under extremely severe
environmental conditions. This transducer would detect the operation
of reaction control system thruster engines on the Lunar Excursion

Module (LEM).

On contract NAS9-6409, Electro Optical Systems, Inc., has developed
such a transducer, Model 101038-0003, and has shipped four 23 psia '
pressure switches that meet the design goal specifications with certain

" specific (but normally controllable) exceptions.

1.2 DETAILED DESCRIPTION OF THE RCS PRESSURE SWITCH INSTRUMENTATION

Figures 1 and 2 illustrate the RCS pressure switch, Model 101038-0003.
Figure 3, representing dfawing 101038-0003, Revision C, gives the overall
size and mounting dimensions plus pertinent electrical interface infor-
mation. The top assembly drawing is shown in Fig. 4. Details of the

pressure sensor mounting thread and the pressure seal O-ring groove are

shown in Fig. 5,”print number 204146-0001. The Teflon O-ring itself
is described in Fig. 6. The RCS engine chamber port and the first

proposed pressure sensor installation sketch are to be seen in Figs. 7

and 8. The latter concept remained firm except for the substitution

of 9/16" wrench flats for torquing the pressure sensor into the AN

port, in place of spanner wrench holes.
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Figure 1. Photograph of Four RCS Pressure
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Figure 2. Photograph of RCS Pressure Switch S/, Model 101038-0003

7127-Final 3



—— e

Yo3TIMG danssaxg SOV
24l 103 UOTIBUWIOFUT IDBFI23UL TBITIFOI[H-Juaullaag pue ‘suofsuamiq Surjunoy €9zTS§ TTeIdAQ *€ dand1g

AR
* ' R )

7 . F 3 WURHDE0 854 J0 NOLYO Y TYNIDINO
" UBt 7 wu.a\_ T e _Mmannuua . _ . .l-auﬁss_mmxﬁ T R T T 'AI14IDBLS ZSIMFTIHIO SSIINN TS ILON
-0 or om0/ D 3 errme | e o TV L2iL 2477 ] TONIGIHS HO OMIMALS ‘ONIMANYH
CATS VISANN. 319 HOUYRASIVY) ALnTIe F GONVINGD BNIMYSD SiKL 1
- 7562 By g 3 NIHM SAVD 150 HLIM 9N7d GNY T1DVL&3DIY L3 108d
- HoLIMS (et T " Sl \Mww.nﬂ 3 ‘o7~ 0L NopweD SY K~
» TuneS 3N i i) maw —.5 o0 x - AP 0L PRLIINNOD JOLEISIY VN OF & SO
- ==t ouu f aa] W Dwouses e - 1  SHLS/IUSEI RO FHE s I D, M @ rOHSIIML
a0 worx g0 Aerans ¥+ s wepreed Ra% 727 500 . i 1 72 NI LNIIYD VM INO b 2L 7 LAPIOE I L3, A
"ONI 'ONILTAS 1YILLIO-ONLORTE SR, L] 0 g ) (340N SSIMEIHIO SSITND J S L A TIBEIPL < Y YO ASDF -0 2ULS FHL
T o U AU 2WH 2 L WS L CIUDINNOD S0, M MM E]
o v—— = —— T NOS DHO Y0 VX005 N&#l FFLLPFD FONGCIAtNs NV
- ALK D007 O, Nt PICHSTIAL P R MR L AIIDD
5 PN O & OL AP LA IFDOE PN D A RLLLS SIHL
. A DIOHSIGHL < 2o A ASO S G0 FLUS L &L
s HUIMS 7287 QM .G Mt 2L QILOZNNVOD LV S7 .2 M wwH ]
‘
] v (D02 S6-9-29NE SW HLIN SILEW)
VY3NY NOLLYINAILNIG XIQNIF-FIIVL4 203y Y/
- 7O -sSprtoz l/ N
| P ) OIS s G 7} ]
SIATIOH + dAlL dAl
2 Coasoz iy #oM souvm) AHKL VI LS1° 1t —— G2
TeFALs y¥ sreny2-g \
- —— \
pe: STt STO2 43y . —_— ,/ WM e
F [airzz0/0] o3 Ls¥ L v
= * =|. | o IH ) aald
R, \ .
* £ . _
os” — ! _HDH s21
b| via
L
_ via ~ o y
-— OL" —= =|l { J ) | h
)
} L9* —»f s2' t QL ——nd
T avoii | a
N\ °3 +| >
Lo
7 °r-#¥x3-]| 4 o
o
x34+| v e
<]
i 7| Tttt FOTI] UL A4S ] QR P NOILINNY Nid .P
] L |t e Srten Grac NMETOIS P CISIMIY g 3IOvLdID3Y ~N
v s [ m0r ”
SNOISIASE i




Suimeag %Hnﬁwmwdw dol °% 2an814

A —. » Vi ,@ m ﬂ CA X))
sa s ] rX [N . , )00 BEEEOZ HLUININES FNIXIIRY 1
L 05602 _ a . . AIO3ED Sof. ISW MRS
8 Bl B L i vy o (o0 H211) G0 DMISH NMONS S SINIVX2L 2L SCEP3 20 F50705 7
EOD2 - SEO[0) EITOLY T — D EEI00. ST TEW SRt WAONS. RN S PO63%r ¥ AL (6 W)

5 e R\w\n\.wm\\&m. RS mw‘wm\k& T e e T LIS SV (€ W) IHSION &L (2 W) O v sanads G
o IS8 HIINTE VAL, mam] TV S . POOINT ML SHD i NS Sh
Rl SHR nonn] e snane w3 20MF I3 JO.NYD PO SSONIl OIUNINS T 42w (6P HOLSISAY
“ONI ‘GNIAGAS TYOLMO-OUMAOTTR Zhmm 1277 ue | OREON ISIMITHIO SSTINN | OUPT THHINL ASIL AR OFMWEILIT BE OL 30 NOASISTY G
SIVINALVA 30 3571 FPIO00 Sat ISW S Q)AL ONISH (2 1e81) aNOD DIS }
D e o . N LT R (190240) ASSY JESHIS WD SYOLSISFY FTFND LF3D DIWAOINOS @
] A SEY SPSHTS |0o-€9108) 1Y /4 FISOLO St ISW 3t (54 $0PLL) LNAHVID
ASSY FAS GHA2 B/S] 21 7 DHISH (P LRI AFAOD CL (S MILy) FELE IRENE IHINOV. @ v
) ;X i HQSO0C S I5H ars FAMNNUS NG
SOSHIS -FIACD [rg21903] #) £
SEUW skl sl ¢
MO 2{ 2
£S5 5542 2 SID OH LNS-MIIE o L] 2
NAP-SI. N2A2U | S8 26 AN A 02t 01 o
2/ ALY £ ? Ers00d] 6 | ot
Q837 ML ~ A0S | 100196000 ot | My
~ DMLV, wc202) 4| Y
O5702 eese
[ | ] yousrssw|  -oosoefw| aw ]
| €0Z94 | (s o A |
> . &
G 07w w3418,
3 } foanmy :
] F ! = : L}
' ' - VOO .
_ _ -} 7
T ==l R
° [E] 1
VEAANAR AN
- _ -
- v
S
9)
- . 5
. | I | “ i “ |
] e}
3 o Lol
e Jo e i e e

.

7127-Final




Y2ITAS 3Inssdxg gO¥ 9yl 103 9A001H Sury-g Teeg
Y. 9INSsd1g 9yl Ppue peaay] JUIJUNON Iosuag IInssaag dyl Jo sTIeISd °C LandIg

- . . , .
ﬁ m ses « ' H ﬂ
H : . LT
[ / o ({7143 it VSN WD T - o
NS TS St oy | ne | R 03012345 JSMHINIO SSINN  SILON
4 _ 2P/ L0S _ a PUSN Porrrtoetigribotvenl K8 WREZ7R KA U223 R, . $31903 JUVIS QY SHUNG TIV JACAIN ‘T
=t oLt e pm e V-V A3k WILIVIES Q134 QY TTY35 35001 TI¥ JA0AIY SINGAIIM 1O T
- P 00 emr UL F00'NIHIM DIHININOD 30 04 SHILINVIG S
T s s 35
3 AGOT T vl mae — e 2SN T /By SSINHIRCH Mvaus ¥
o - ] e o e el SO HOTY THW S
S vy o oS ¥ < Sty wspeny J morn] e wman err 1 ¥ SSVI THLLVN 43¢ SOVINHL D
“ONE ‘SWLSAS TYILLIO-ONLIANE 1 S e -1 SSIINA SONT OYIHL M3NOS TIV NO TVIG 400H OF M3 ‘.a«zc.w N- P
EPIN, 2 LS4
Y —— T ﬂslﬁ:an 2 e T o Tl e 607 (45 ) 500 —:
o= 0
E svcrooe | o-mers-w pres s | agog| seeo~ | |

Vi , ) . . ow E5E

o
oo 552
} 8
—t
L d e
! \ D PN SIS AL
po—— LTS L 025 25—y

&
e
ux.e\t_ e O

T # s
\QN\.AWW,.
-3 ——— E

N ‘/ as

Bz

g-g noiea3s

RIOMTY QWL ¥l
s Vg
Wv

&

AN — Bow
- e~y 306" .
\ f / AR L jer e
4 . . — &5
o (5 A0S — 7 /é.lz..,u*i .
N\
v PramIt s ¢ WACOIS SH. SIIPN & #ilL )
. 3 === PN CIIK AL OO0 M VL
e 22 i - 0 20500 X 07 1003 250" JHOT,D
- - i_ - KO Kvw 2 ¥ 9 (I ) . ) . i
- 890 — e : - . L Lo poeiiyes at 1. Lo L o
” S0 - - Reue <35 R0 o
U &5 - s u -
e 29
lo—gzz ] 8
7 - : 1
. - . (-5-] Py
T 11 PpUscs Swm ortz3er| g &1 ~
e o o] | e [ o Jrome} =
EROISIATE, 1 ~

I m T T €



ey

SDY¥ 9ya 03 i1eeg Buly-Q uorial

YOI IMG 2anssaig

°g 2an81g

U3 TY Ryds 509

“ A‘\
[ /et | £ x0/ [ RIaa g rtmens oot s o mbitn | VAL THIDO
s T g gy TUNS O QITDIMNT N0 @35A ‘Grwa [a. e CItA d LR ]

- [ - OUIIY 1 SCN OINCUS 11 Ju:.-; ra ,l..nxn.\\\ 727002 3
o | 27202 | 2| o e mbiesan s dmrest | m
== g rure
p= =4 e deellad
- fad ow v taf [epree ® X
o NS O- 707 ] mae e
- . - sun f o] TR moums | e .

'98 ey jo bu_b_wasm v . swole) -l&ﬂnﬂ& W‘\ g STe I, FINTN NI SNOIBNIMG WYINY Y

01 ‘'SUIDATAS YOI 0-0NAD2T .nw_.n\mm...u\ 1224 &, pn | TALON FSLNYIHIO SSTTHA

) SIVIN3ALYN dO 1S
NCnvIUIE oUvR ] NOULNIIE 1 raul e
/598 Sty | HO272U PAL| —— Sy 0 - 20235 | roo0—
®
5 SSceo0’
A 4474 Sgco" <+—2>
» . P /v
=) 7 = h e

CRA QIS PSP TP SEFOH7

C PO F LA
LSV EY 2 SHY QL AT FIFLE/IODI2Y JAO 28 AW ¥

mmn%m.%\\“\ PO LCXERENY AP

SIL0N

2D | QocH PPN
AYC/ S ELET

O OON I/ FP AT ~F O PTG YL AP M\&\ ‘2

|
@eo P Q) AL @
HEG 24 X oo’
o0 F vl SAL
| HSE27 HoM X&' S00" ._
. - 7S
= - mzo_m:““.n..sl —L— HOUVNATIAVID AMITAZSE

sy

7

7127-Final




j10q 9anssaig iaqueyp sutBuyg /89877 odoysauy uoIIBIUSUNIISUI WHT °/ 2In3IJ

A1GW3ISSV 130ddNS INIONI TVIIdAL

VIQ SZE % 88-026 ANIS D

‘ 12574
Q310N HLId43d x vid V.97

H1d3Q Qv3iyHL v .- .

1134334 NIwW OvZ
ga€- INNVZ -ZUE" \
dd 886 x VIQ 080 -SL0 ) S
_ 43
. - 340002

'43¥,0¢€ ’ ,
| /B *
. < ’ gy '

N :
2 o |

NIW 089 \ \ 433 001 ©

334 0Z¢'1 \

</

——4AS%6 xVIQ080 x50

Wi 99-vL-0l

HD13X%S Q3SIA3d

41V ‘SANN NVA
d30D 103vNOIVW 3HL 334

7127-Final

Gle’

INIONI D
/

4

/

4279



SITe19Q UOTIBTIRISUT JX0oSuag ainssaig posodoxg g 2an3T4g

LA MIPSEIN Y XIFA VD BN DAT
FABIRANP PO L oI VNN A2
PO Y AFS G IR DT I W IAIS® ,
D KA AW G HED LG ISP I SR

LF oo’ PNIOND WP

LACL HPTOSHD HIUZAIHL QU
DUALIOUL GIPIOHLNOD WS
3I00N NWONGa W HINNGTS”

AO2DEt $POD Bl -y DOP
P TIEID A PLSLITHL

C-CEDRE N LT STO NN
QRS OV O N20/PL 2L

AVl
V2254
ooz @
ST o FFIZ F ,
W XN MWL STRD
2IESATNLNY o Ty EvLild
f

AN AW ML LN RIS FLs HACINS $O

TP TISIYSL. A P LD FUOID ASAW POFED
AL ST DI S RD APIIRY AISHLS
MY FIED FOT VoS KNI A AP,

SNOISHILNT DI ise TIIINFLON FHM Pr G 2INAD, -
SOSHFS FIISSINy I LWL PLYRUST I G
WACN

7127-Final

i A



il




PRECEDING PAGE BLANK NOT FILMED.

SECTION 2

TECHNICAL REVIEW OF PROJECT BY PHASES

2.1 PHASE I, FEASIBILITY PHASE

The first phase of this 23 psia pressure switch project started in
August, 1966, and was completed shortly after the design review con-

ducted at EOS on December 5 and 6.

The primary "sensor' which converts pressure into an electrical signal
consists of four silicon strain gages bonded to a cantilever beam.
Pressure summing is accomplished by a low spring rate, convoluted
diaphragm made from Ni-Span C stripstock. The diaphragm, in turm, is
stitch-welded to a massive mechanical stop capable of resisting the
maximum applied pressure (25,000 psi). Displacement of the outer
diaphragm from its 'stop'" is done through a force-rod and helper-
spring mechanism: see Fig. 9 (204147). Once the proper position has
been determined, with due consideration to the effects of the trapped
reference pressure and the desired "stop" pressure, the primary sensor
is attached by brazing its pivot tube to a force rod which is directly

linked to the outer diaphragm.

Both flat and convoluted diaphragms were investigated during Phase I.
The performance of the convoluted diaphragm was superior in terms of
less hysteresis and better repeatability. High temperature cement

systems and several strain gage designs were reviewed during the first

phase effort.
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Concurrently, the electronic switch effort centered about the proven
MSI "RCO7" signal conditiomer design. Preliminary external modifica-

tions worked well, and as a result, internal modifications were de-

signed, breadboarded, tested, and evaluated. The signal conditioner
of the RCS pressure switch converts the output of the strain gage

bridge to an output voltage which switches sharply when the pressure

rises above a predetermined threshold.

@j The block diagram of Fig. 10 shows the basic circuit structure of the
modified "RCO7" signal conditioner. The key elements of this unit
;l and their functions are as follows:

a. Regulator

A preregulator is used to eliminate most effects of change in
- excitation potential on the converter output voltage., The

: isolated circuits are inherently immune to supply changes, and
the overall performance of the instrument 1is outstanding in
this regard. The regulator draws approximately 5 mA constant
current from the excitation source and is operable with exci-
o tation voltages ranging from 20V to 70V.

o b. Amplifier

A differential amplifier is used for conditioning the signal
from the transducer bridge. This amplifier has three direct
coupled stages with an open-loop gain of greater than 10,000.
In the analog transducer, negative feedback is used to reduce
the gain of the amplifier to approximately 20, giving the
circuit great inherent stability.

c. Output Switch

Dual transistor output stage to isolate the differential
amplifier from output loading and to provide the required
output characteristics.

7127-Final 13




73626517

REGULATOR

- ) 4
WHEATSTONE
BRIDGE PR AENRAL

Figure 10.

7127-Final

Block Diagram of RCO7 Signal Conditioners

14

.
|

G



In order to obtain a switching output signal rather than an analbg volt-
age from the standard RCO7 signal conditioner, the output of the ampli-
fier is connected to the input through a resistor network. This pro-
vides controlled positive feedback in the amplifier circuit, producing
the required switching action. The positive feedback tends to drive

the amplifier output to the low level clamp (-0.6V) when thé amplifier
input is negative, and into the high level clamp (+6V) when the input

is positive. The principal advantages of this approach are the follow-

ing:

a. Only minor modifications to the basic RC07 signal conditioner
are required; the resistors can be added externally.

b. The switching is abrupt and positive. The hysteresis (dead
band) can be set as required by the resistor network.

c. Fast switching (<1 msec) is possible if an output capacitor
in the standard signal conditioner is eliminated or reduced
in value.

d. The switch point is at zero input voltage. This minimizes
effects of temperature and line changes on sensitivity. Only
the zero stability of the sensor is important. The sensor
zero is set at the desired threshold. ‘

For the Model 101038-0003 RCS pressure switch, Fig. 11, drawing 880720,
represents the interfaces of the developed signal conditioner. It is
to be noted that all of the switching electronics worked entirely with-

out fault throughout all of the verification and acceptance tests.

2.2 PHASE 1I, VERIFICATION PHASE

The second phase was entered into shortly after Mr. George Zivley's
visit to EOS in early December during which time the preliminary pres-
sure switches were demonstrated on both the oscilloscope and Moseley
X-Y plotter. Verification and final acceptance test plans were also
discussed and tentatively approved by Mr. Zivley. A request to deliver

one complete mockup and working pressure switch to prototype dimensions

7127-Final 15
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in mid-February 1967 was acknowledged and acted upon. This unit (pre-
prototype S/N 5) had been subjected to 25,000 psi with its gaged beam

in final position and had survived this stringent test very well.

Verification and acceptance testing of four prototype pressure switch
transducers was begun by the end of March and tests were completed early

in April.

The basic pressure switch test apparatus used for verification and
acceptance tests is diagrammed in Fig. 12. A Moseley X-Y plotter, with

dual fixed and unchanged gain adjusts for all the tests and for all the

pressure switches, was used to record switching behavior.

Since all four switches were made to identical manufacturing specifi-
cations, it was relatively easy to initially balance their respective
bridge outputs to zero at 23 psia. Y axis motion on the Mosely was
controlled by inputs from the pressure switch under test with its ON-
OFF signal. The X axis test pressure signal was supplied by an EID
laboratory supplied and calibrated absolute pressure transducer.

Both the switch and the EID transducer were supplied equal pressure
stimuli simulataneously. The pressure was monitored by T, I. equipment
consisting of a calibrated quartz Bourdon tube plus digital readout
servo-nulling equipment. This is one of the pressure standards of

the EID Laboratory.

Controlled overpressure of 5000 psi was exerted by the calibrated Amthor-
dead weight tester hydraulic system. Lower overpressures to the pres-
sure switch were introduced from the high pressure nitrogen gas source,

regulator, and gage system.
Controlled temperatures for the pressure sensor and for the signal con-

ditioner were obtained from a pair of Delta Design ovens and their

automatic temperature controllers,.
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SECTION 3

PERFORMANCE GOALS OF MODEL 101038-0003 PRESSURE SWITICH

a. Pressure switch point. As agreed upon, all deliverable
prototypes were made to one switch-point range: 23 psia

((((( ? +3 psi. All delivered units conform to this basic require-

L ment.

b. Survival and maintenance and pressure integrity at 25,000 psi.
All deliverable prototypes were subjected to hydraulic static
pressures of 25,000 psi then cleaned and helium leak-tested.

g All units successfully passed this test.

c. Limits were to remain within switch pressure tolerance
(£3 psi) after steady state thermal envirommental changes
plus overload pressure conditioning.

Thermal range: Pressure sensor +30°F to +350°F
Signal Conditioner -65°F to +160°F

See Tables: 1 (S/N 1), 2 (S/N 2), 3 (S/N 3), and & (S/N &)
-at the end of this section.

d. Units must survive and be within switching specification
after 10 cycles at 5000 psi, pressure switch to be at room
temperature.

= (1) All units demonstrated their capability to pass this
test on the second attempt. The second test was neces=
sary because we had failed to condition the set of the
diaphragm while in the "absolute'" mode of operation,
but had done so while the pressure sensor was in the

£ "gage' mode. The slight amount of new forming that

o occurred was enough to change the diaphragm's apparent
spring rate, and hence the amount of deflection required
of the composite system to achieve the 23 psia output
switching position (i.e., the bridge output going to

E zero volts output).

Once the diaphragm had been properly formed the 5000 psi
overload had little or no effect on the switch point

drift, and as explained in the following paragraph, we were
able to rebalance the electrical output of the silicon
sensor bridge so that the switch point would again occur

at 23 psia.
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(2) Rebalance of the bridge was required on three of the
four units. If, in effect, we had had a five wire
system leading from the pressure sensor to the signal
conditioner, electrical rebalance of the bridge would
have been very easily accomplished by the insertion
of a new switch point balance resistor (Evanohm quality).

What we had was a stitch-welded cover on the pressure
sensor and four 'wires (a completed) bridge, leading from
it. Rebalancing could only be accomplished by parallel-
ing one of the 5000}, silicon *bridge arms.

S/N 1 required 25 KQ in parallel with one bridge arm.
S/N 2 required 7 kQ in parallel with one bridge arm.
S/N 4 required 4.6 kKQ in parallel with one bridge arm.

(3) Upon reacquisition of the proper switch point, namely
23 psia, we now traded off our previous excellent ,
bridge thermal environmental balance. Figures A-2-8 =
and 9; and A-4-8 and 9 are now grossly different from
Figs. A~2-7 and A-4-7 (see Appendix A). Keep in mind
that: (a) the inserted paralleling (shunting) resistors
are located in the signal conditioner which provides ;
the mechanism (an accessible terminal board plate) for -
making corrections, but which does not see the same
temperatures as the pressure sensor; and (b) parallel-
ing a silicon strain gage sensor element with an Evan-
ohm element produces a correction where the resistance
change with temperature is significantly different than
that of the sensors themselves.

(4) 1In summary, a design that would permit the change of
the switch point balance resistor within the pressure
sensor housing itself would have been the most desirable
solution to the dilemma presented in Subsection 3.4.1.
A second choice would be provision of a five-wire
system from an open-bridge network between the pres- .
sure sensor and the signal conditioner with the ability w
to make balance (switch-point) corrections in the. .
associated signal conditioner terminal board. v

e. To survive and remain within specification after: e

(1) 100,000 cycles of 500% pressure overload
(2) Pressure sensor at > 300°F
(3) Signal conditioner at 77°F

(4) (A bonus): vibrational g-load of 20 g, peak—to-peak
(All conditions being applied simultaneously.)
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The selected pressure switch, S/N 4, was mounted in the
cylinder head of an O&R 1l-hp, 2-cycle, 6000 rpm engine. It
survived and remained within specification after > 100,000
pressure-temperature cycles. A

In Appendix E, Figs. E-1-1 and E-1-2 show the required modifi-
cation to the O&R engine cylinder head. The modification
included ports for the pressure sensor, a flush mounted, water
cooled pressure transducer, and two thermocouples, one of which
read the cylinder head temperature and the other of which pro-
truded into the high compression-clearance zone of the piston-
cylinder head assembly. Previous to this particular verifi-
cation test, several runs were made to ascertain the actual
test pressures and temperatures. The engine ran close to 6000
rpm; a total run of 18 minutes was made with S/N 4 mounted in
its pressure port. At the conclusion of the run, the switch-
point characteristics were determined again. No shift had
occurred. See Figs. E-2-1 and E~2-2 in Appendix E.

Figure E-1-3 (also Appendix E) shows oscilloscope traces of
the actual pressure cycle occurring per revolution in the O&R
engine. Chromel-alumel thermocouples were used to record
temperatures and their outputs were read on a Moseley Auto-
graph Model 680 strip chart recorder.

i f. The switch must operate within specification while subjected

to pulsed (350%) overload pressure and (1) sinusoidal vibration
and (2) random vibration. S/N 4 was selected and a continuous
trace of its output was monitored. No deviations from the
norm were experienced under the 3 axes investigation. (Both
pressure sensor and signal conditioner were mounted on the

same M~-B shaker tooling fixture.) Appendix D gives the

test requirements, the test setup, and the accumulated data
sheets. :

g. Survival and response to shock wave impulse were also demon-
strated by S/N 4. A byproduct was the capture of the speed’
of response of the combined pressure sensor, its Helmholtz
cavity, and the switching speed of the electronics. Their

N combined response was about 500 microseconds; that is, it

would take less than 500 microseconds for the switch to go

from O psia to 23 psia and—switch from ON to OFF state

under a large shock wave impulse. See Figs. F-1, F-2 and

F-3 of Appendix F.

All of these tests; (a) through (g), were witnessed by an EOS
project engineer, a QC inspector and a DCAS representative.
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TABLE 1

SEQUENTIAL VERIFICATION AND ACCEPTANCE TEST RESULTS,
MODEL 101038-0003 PRESSURE SWITCH S/N 1

A. Temperature Runs: Temperature, steady state

Pressure Sensor Signal Conditioner Switch Point
CF) (3] (psia)
+30 - 65 23.90
77 , +160 23.0
77 - 65 23.10
30 77 23.90
200 77 21.40 i
350 77 22.0 ‘.
350 160 22.0 ‘
Results: All points within switching error band. 7

Above runs completed 29 March 1967. v
See charts in Appendix A, Figs. A-1-1 through A-1-7. -
Test setup, Fig. 12.

B. Multiple Overpressure Cycling at 5000 psi: Amthor Dead Weight , b
Tester Equipment

Results: Switch point shift to 19 psia.
No significant recovery occurred after approximately
2 hours. *
Above tests completed 29 March 1967.
See chart in Appendix B, Fig. B-1l-1.

Recalibration of Switch Point: 25,000( introduced as a shunt
across one leg of the silicon
bridge which also included the

original balance resistor and Balco -
thermal compensation resistor, .
which had produced the excellent -

results of (A) above.

Results: Switch point brought back to 23 psia.

Retest of Multiple Qverpressure Qjcligg at 5000 psi®

Results: WNo significant change of switch point occurred.
Above tests and recalibration completed 30 March 1967.
See chart in Appendix B, Fig. B-1-2,
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TABLE 1

SEQUENTIAL VERIFICATION AND ACCEPTANCE TEST RESULTS,
MODEL 101038-0003 PRESSURE SWITCH S/N 1 (contd)

Retest of Pressure Switch at Selected Thermal Environment Extremes:

This test was required because of the nature of the 30 March re-
calibration and its effect upon thermal drift of the switch point.

Results: S/N 1 is still within the #3 psi switching error band.
Above tests completed 1 April 1967.
See charts in Appendix A, Figs. A-1-8, A-1-9.

Effect of Variations in Suppl oltage i Point:

Results: ©No significant switch change occurs with wvariation in
supply voltage from 37 to 22V dc.
Above test completed 3 April 1967.
See chart in Appendix C, Fig. C-1-1.
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TABLE 2

SEQUENTIAL VERIFICATION AND ACCEPTANCE TEST RESULTS,
MODEL 101038-0003 PRESSURE SWITCH S/N 2

A, Temperature Runs: Temperature, steady state

Pressure Sensor Signal Conditioner Switch Result
(°F) (&) (psia)
+30 - 65 21.75
77 +160 21.60
77 - 65 ‘ 21.60
30 77 22.90
200 77 21.10
350 77 21.25
350 160 20.75

Results: All points within switching error band.
Above runs completed 29 March 1967.
See charts in Appendix A, Figs. A-2-1 through A-2-7.
Test setup, Fig. 12.

B. Multiple Overpressure Cycling at 5000 psi: Amthor Dead Weight
Tester Equipment

Results: Switch point shift to 10 psia.
Above test completed 29 March 1967.
See chart in Appendix B, Fig. B-2-1.

Recalibration of Switch Point: 7,000Q introduced as a shunt across
one leg of the closed silicon
bridge which also included the
original balance resistor and Balco
thermal compensation resistor
which had produced the excellent
results of (A) above.

Result: Switch point brought back to 22 psia.

Retest of Multiple Overpressure Cycling at 5000 psi:

Result: No significant change of switch point occurred.
Test completed 30 March 1967.
See chart in Appendix B, Fig. B-2-2.
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TABLE 2

SEQUENTIAL VERIFICATION AND ACCEPTANCE TEST RESULTS,
MODEL 101038-0003 PRESSURE SWITCH S/N 2 (contd)

C. Retest of Pressure Switch at Selected Thermal Environment Extremes:

This test was required to document the effect of the recalibration
upon the thermal drift of the switch point.

Results: S/N 2 now switches ON-OFF at 36 psia while stabilized
at +350°F; the influence of the signal conditioner upon
the drift is minimal (approximately 1 psia).

Above tests completed 3 April 1967.
See charts in Appendix A, Figs. A-2-8 and A-2-9.

;a D. Effect of Variation in Supply Voltage Upon Switch Point:

— Results: No significant switch point change occurs during change
34 in supply voltage between 37 and 22V dc.
L Above test completed 3 April 1967.

See charts in Appendix C, Fig. C-2-1.
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TABLE 3

' 'SEQUENTIAL VERIFICATION AND ACCEPTANCE TEST RESULTS,
MODEL 101038-0003 PRESSURE SWITCH S/N 3. '

A. Temperature Runs: Temperature, steady state

Sensor Pressure Signal Conditioner Switch Point

. Cp (°F) (psia)
+30 - 65 24,50

77 +160 24.13

77 - 65 ' 24,25

30 77 24,75

200 77 23.13

350 77 22.60

350 +160 22.60

Results: All points within switching error band.

: Above runs completed 29 March 1967.
See charts in Appendix A, Figs. A-3-1 through A-3-7.
Test setup, Fig. 12.

B. Multiple Overpressure Cycling at 5000 psi: Amthor Dead Weight
Tester Equipment

Results: Slight shift of switch point, no recalibration required.
Above tests completed 30 March 1967. :
See charts in Appendix B, Fig. B-3-1.

C. Retest of Pressure Switch at Selected Thermal Environment Extremes:.

Not required

D. Effect of Variation in Supply Voltage Upon Switch Point:

Results: No significant change in switch point.
‘ - * Above tests completed 3 April 1967.
See charts in Appendix C, Fig. C-3-1,
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TABLE 4

SEQUENTIAL VERIFICATION AND ACCEPTANCE TEST RESULTS,
‘ MODEL 101038-0003 PRESSURE SWITCH S/N &4

A. Temperature Runs: Temperature, steady state

Sensor Pressure Signal Conditioner Switch Point

(9) Cr) _(psia)

30 - 65 22.90

77 +160 21.13

77 - 65 21.40

30 77 23.0
200 77 19.75
350 77 20.50
350 160 19.0

Results: A more precise set on the 23 psia switch point would
have brought all points within the *3 psi tolerance.
Above runs completed 29 March 1967.
See charts in Appendix A, Figs. A-4-1 through A-4-7.
Test setup, Fig. 12.

B. Multiple Overpressure Cycling at 5000 psi: Amthor Dead Weight
Tester Equipment

Results: Switch point moved outside of 40 psia to +60 psia range
of the X-Y plotter due to reforming of the outer dia-
phragm by overpressurizing in the absolute pressure mode
of operation. ‘

See chart in Appendix B, Fig. B=4-1.

Recalibration of Switch Point: A 4,6000 resistor introduced as a
shunt across one leg of the sili-
con bridge was required to correct
the shift in the switch point.

Results: Switch point brought back to 22 psia.

Retest of Multiple Overpressurization at 5000 psi:

Results: ©No significant change in the switch point.
Test completed 30 March 1967.
See chart in Appendix B, Fig. B-4-2.
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TABLE 4

SEQUENTIAL VERIFICATION AND ACCEPTANCE TEST RESULTS
MODEL 101038-0003 PRESSURE SWITCH S/N 4 (contd)

C. Effect of

Variations in Supply Voltage Upon Switch Point:

Results:

D. Effect of

No significant change in switch point occurs between
22 and 37V dc.

Above test completed 3 April 1967.

See chart in Appendix C, Fig. C-4-1.

Sine and Random Vibration Upon Switch Point:

Results:

Continuous monitoring of the output ON-OFF signals and
of the pressure monitoring transducer ’showed no abnormal
or spurious signals from the pressure switch during the
vibration environment tests.

Above test completed 31 March 1967. See Appendix D.

Test G-loading requirement: Section D-1. ‘

Test setup, Section D-2.

Test data sheets, Section D-3.

E. Effects of 100,000 cycles of 5X Switching Pressure and Exposure to

High Temperature Gases:

Results:

F. Effect of

No significant change in pressure switch point perform-
ance occurred,

Above tests completed 31 March 1967,
See Appendix E test setup, Figs. E-1-1 through E-1-3,
Data sheets, Figs. E-2-1 and E-2-2,

Shock Wave Pressure Pulses:

Results:

G. Retest of

No significant change in switch point characteristics of
the multiple shock wave pressure impulses.

Response time to achieve 23 psia pressure output is less
than 500 microseconds.

Above tests completed 31 March 1967.

See Appendix F, test setup, Fig. F-1,

"Response' data, Fig. F-2,

Chart, Fig. F-3.

Pressure Switch at Selected Thermal Environment Extremes:

This test

was required because of the nature of the recalibration

required on 30 March 1967 and its effect upon thermal drift of the
switch point.

Results:

7127-Final

S/N 4 now will switch at 42.5 psia at the extreme thermal
environmments.

Above tests completed 3 April 1967.

See charts in Appendix A, Figs. A-4-8 and A-4-9,
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SECTION &

ACCEPTANCE TEST PLAN AT EOS

The acceptance test plan conducted at EOS was broken down into the

following reviewed items:

a.. Weight and dimensions of the signal conditioner and pressure
sensor

b. Connector type, pin wiring

¢. Workmanship

d. Identification markings of the product
e. Threshold pressure for Type I

f. Overpressure rejection for Type I

g. Sensitivity of switch point to variations in supply vdltage
h. Transducer switching output signal

L i. Transducer output impedance

j» Transducer response time

( k. Transducer insulation resistance

1. Transducer isolation resistance

m. Threshold variation with temperature

n. Threshold shift due to 500% static overload

Appendix G includes the summary results of the acceptance tests and

supporting documents.

Ie
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PRECEDING PAGE BLANK NOT FILMED.

SECTION 5

ANALYSIS OF MEASUREMENT ERROR % DEVIATION FROM 23 PSIA

7% Deviation From

23 psia Error, Squared
Test §/N S/N S/N S/N S/N S8/N S/N S8/N
1 2 3 4 1- 2 3 4
5.1. Temperature, plus i
overload¥* -7.0 -9.8 +7.6 ~-17.4149 100 58 300
7 5.2. Gross static overload®* -1.1 -4.8 -9.8 - 3.4]1.2 23 100 11.5
b 5.3. Variations in supply
- voltage¥¥k --- < 1/4 psi --- == < 1/4 psi ==~
o 5.4. Verification tests, one
o sample only
™ Acceleration effects < 1/4 psi —_
Repetitive cycling < 1/4 psi —
- Shock wave pressure
‘ pulses < 1/4 psi —
Algebraic Sum = -8.1 -14.6 -2.2 -20.8

e ’ Sum of the squares = 50.2 123 158 311.5

7.1 11.1 12.6 17.6

Wil Square root of the sum of the squares

In terms of psi = 1.6 2.6 2.9 4.1
- Design goal - +*13% of 23 psia or *3 psi
e Note:

1. Chart reading error is estimated at 1/4 psi (£1/8) simply because of
the backlash in the drawing mechanism of the Moseley recorder.

e 2. After all tests and shipment from EOS to NASA, Houston, and back again,
the units are within the original error band.

*Worst case percentage deviation from 23 psia as determined by the
averaged center of the dead band. See Appendix A, charts A-1, A-2,
A-3, A-4; all 1 through 7, only

*%Data from 5000 psi loading (or 21,700% overload); Appendix B, charts
B-1 through B-4, pretest calibration point is to be taken as 23 psia

*%%Data from Appendix C, charts C-1 through C-4

ik
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SECTION 6

PROGRAM ORGANIZATION AND ACKNOWLEDGMENTS

This project required the harmonious meshing of talents and capabili-
ties from the Transducer and Controls Division of Electro-Optical
Systems (formerly a wholly owned subsidiary, Micro-Systems, Inc.) and
the Engineering Instrument Department of the Measurement Systems

Division of EOS.

Figure 13 shows the line organization of this project. Particular
mention and acknowledgment are due to Messrs,Earl Rogers, David Bargen,
and Joseph Sanchez for their help and guidance in the early formative
stages of this contract. Mr. Hans Christen was most helpful in the

Phase I mechanical design and test areas.
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SECTION 7

CONCLUSIONS AND RECOMMENDATIONS

7.1 CONCLUSIONS

From the performance of RCS pressure switch S/N 4, one would expect

all the delivered units to perform equally well under extreme overload,
sinusoidal and random vibrational loads, shock pressure impulses, mul-
tiple rapid pressure cycles, and varying supply voltages. All should

o exhibit excellent response time.

o In the specification area involving thermal stability, two units, Nos.
2 and 4, will be "out" at the high temperature end of the pressure

sensor spectrum (from 165°F to 350°F). However, the results of the

art problems are faced in reaching the desired design goal. Pressure
sensor units can be made to span +30°F to 350°F within a +3 psi switch
point tolerance. Problems raised by units Nos. 2 and 4 are reviewed

,,,,,

in the next subsection, 7.2.

Because of similarities between the RCS -pressure switch design and
QJ related LEM qualified instruments, and based upon considered engineer-
ing judgement and experience, EOS believes that many tests need not be
é% repeated on this specific hardware development program. This would

apply in the following areas:

a. Fungus resistance
b. No hazardous gas output
c. Salt fog damage

d. Nondamage in explosive atmosphere
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e. Fluid compatibility

f. No dissimilar metals

g. Performance, irrespective of operating position
h. No metal deterioration

i. Use of anodized aluminum

j. Use of corrosion-resistant steel

k. No surface wear problems

1. Rubber pafts per ANA bulletin 438

m. No critical materials

n. Proper screw threads

o. Proper locking methods

p. Interchangeability of parts

q. Maintainability characteristics
r. Expected service life

s. Expected storage life

t. Performance of the signal conditioner in all operating
characteristics and effects of environment other than the
following which are related to the switching operation

(1) Output signal voltage
(2) Threshold shift due to temperature
(3) Switching speed

7.2 RECOMMENDATIONS

a.  The problems raised by units Nos. 2 and 4 which are evidenced
" now by excessive switch point drift with temperature result

from the cover design of the pressure sensor. Closure for N
verification and acceptance testing was '"to print" which "
meant being spot-welded. Thus, the only way to adjust for a
small switch point set was through removing the cover plate
of the electronics which exposed the terminal board inter-
face of the bridge and the electronics and shunting the
proper leg of the closed bridge brought over by a 4-wire
cable.
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Proposed Future Modification

(1) Provide for a removable cover to the pressure sensor,
which would expose the Evanohm balance resistor of the
strain gage bridge when removed.

A small change in the value of the latter would not
affect the thermal compensation since the total bridge
draws only 2.65 mA current.

or

(2) Retain the present cover design and provide for a 5-
wire cable from the pressure sensor to the signal con-
ditioner thus leaving the bridge '"open", and locate
the bridge balance resistor on the signal conditioner's
accessible terminal board for final adjustment as
required.

Even though the signal conditioner does not necessarily
"see' the same temperature as the pressure sensor, the Evan~-
ohm temperature coefficient of resistance is extremely small,
and its 1% maximum variation will cause only a small shift
in the switch point.

Improvement could also be made in the interconnect cable
between the pressure sensor and the signal conditioner and
cable termination means.

The present 4-conductor cable with its stranded conductors,
shielding, and outer jacket of Teflon material, is too stiff
in relation to the physical size of the pressure sensor
termination. It should either be lengthened (doubling its
present length) or the lay of the wires be made flat instead
of bundled. )

The first recommendation would significantly reduce the
strain on the outer jacket as the pressure sensor is torqued
into its pressure port and thus reduce its tendency to creep
out from the termination tube at the pressure sensor.
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SECTION 8

ITEMS DELIVERED

® Four Type I RCS pressure switches identified as Model
101038-0003, Serial Numbers 1, 2, 3, and 4.

@ Monthly Reports Ml through M5

® Nine copies of the final report plus one reproducible copy
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APPENDIX B

;% EFFECTS OF GROSS OVERPRESSURIZATION ON SWITCH POINT
10 CYCLES OF 5000 PSI

S/N 1 Figs. S/N 2 Figs.

< B-1-1 B-2-1
B-1-2 B-2-2

;» S/N 3 Figs. ' S/N 4 Figs.
B-3-1 B-4-1

= B-3-2 B-4-2
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APPENDIX C

EFFECTS OF SUPPLY VOLTAGE VARIATION

UPON SWITCH POINT

S/N 1
S/N 2
S/N 3
S/N 4

Fig.
Fig.
Fig.
Fig.

89

c-1-1
c-2-1
Cc-3-1
C-4-1
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APPENDIX D

RCS PRESSURE SWITCH S/N 4
Requirements of Vibratory Acceleration

Test Setup
Data Sheets 1 through 16
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%

D-1. VIBRATORY ACCELERATION LOADING REQUIREMENTS

1. Vibration (random and sinusoidal to be used sequentially) random
and sinusoidal motion will be applied sequentially along each of
three mutually perpendicular axes.

1.1 Random spectra are referenced to a log-log plot and held to
a 30 percent power spectral density.

12.3g rms for five minutes

10 Hz 0.01 gZ/HZ
10- 75 Hz linear increase to 0.14 g,/Hz
75- 200 Hz constant 0.14 g, /Hz

200-2000 Hz linear decrease to 0.05 g“/Hz

1.2 Sinusoidal vibration frequency shall be swept logarithmically
from 5 Hz to 2000 Hz to 5 Hz at one~half octave per minute
for 2 sweep cycles.

0.20 inch DA 5-16 Hz

2.5¢g 16-90 Hz

0.006 inch DA 90-140 Hz

6.0g 140-350 Hz

0.001 inch DA 350-500 Hz

llg 500-2000 Hz
7127-Final

97



73626412

D-2. TEST SETUP

MODEL 7039 S/N 27
' ABSOLUTE PRESSURE
OUTPUT TO TRANSDUCER

CHANNEL 2 GALVO,

PRESSURE
SENSOR

RCS PRESSURE SWITCH
S/N 4

SIGNAL /
PRESSURE ‘ CONDITIONER
EXERCISER : ,
0 - 70 psig : : »
OUTPUT TO
=::::::::::;;T'EHANNELI GALVO.
| T RoTATABLE
MOUNTING
BLOCK
7717777
M/B .
SHAKER AND
ACCEL EROMETER
CONTROL
FLEXIBLE

PNEUMATIC 70777277 7777777777
HO'SE

CHANNEL 1,

28VL— FRENSSRIS. |

0 psig *

'CHANNEL 2

70 psig —+———

CYCLE RATE 15/MINUTE

TIME —8n
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| =ecreoormioa sverams mc.
ENVIRONMENTAL TEST PROCEDURE
DATE 9/- F-£7 W.A. NO. 7/7/7—;2_-9_@_ PAGE A OF /5

X
Y _

gﬂ ____4.—-3' “\\- ,/"”

o

%

j TYPE OF TEST L1880 7ont,

7 CONTROLLING DOCUMENTS AND PARAGRAPHS AR LAS Z&z Mdsveiule

) /). /. ’ 4 A/ 7 £ ./ A . / 7. e y /e Z A.’ .
L S.7/ &, . DT At

y DESCRIPTION OF TEST SPECIMEN (P/N & S/N)
_&Mm o er L wis B35 200 3
Tt

TEST PROCEDURE &S7 radze,d F-3/67  (oast 3-3/4Z
| e E; Lz e 4Bds Aaniulzr) B Te LoAldzm ) crd/nase S

T D %

Ay ~ 200 Ges - owSpaaiz a7 O 1 ;J-égs . |

?3 . . — é/ ; g,
Y 3 sz S0 Covz—
OPERATOR ' -
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ELECTRO-OPTICAL SYSTEMS, INC.
A Subsidiary of Xerox Corporation

ENVIRONMENTAL TEST REMARKS

DATE_Z.?‘.A_‘,Z_ W.A. NO.

/27-——02 =)

/&/

OPERATOR -7%—£ZT -

7127-Final

EOS fﬂ“ NO 4628

REPLACES FORKR 306
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ELECTRO-OPTICAL SYSTEMS, INC.
A Subsidiary of Xerox Corporation

ENVIRONMENTAL TEST INSTRUMENTATION AND DRAWINGS

DATE_#£3-67 WA NO. Zzz=s2-v0  PAGE_3 oF_!®
DESCRIPTION OF TEST SPECIMEN (P/N & S/N)

— SHIL

. INSTRUMENTATION & EQUIPMENT |

Y3, V1BLgzen) Lpsptiipiea
LB VA 7o) Laodby Covisne M
_M_Mm ' A@i 3¢ho
v _Aiwes mate) fesiniss 20 % D). 62/

D Lt Lye. izacere oD Tissld

DIAGRAMS OR DRAWINGS

L50uloG oW

£ ' Sowe '.7 Ao
i — —

. sreyar
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RANDOM VIBRATION

DATE £-3-¢7 » paGE ¥ oF e - -

DESCRIPTION OF TEST SPECIMEN (P/N & S/N)_

) & B Sh 4
RANDOM SPECTRUM ¥X-4xs ' g

: g¥c.p.s.)

POWER SPECTRAL DENSITY (PS.D.

A4 7 /f \\
!/ .
.08 1Y h
y
7
/
/
-012 ¢ 3 .
20 15 200 2000
FREQUENCY (c.p.s.)
RMS. G's OF RANDOM SPECTRUM /2. 3
EQUALIZATION TOLERANCE + A DB; - __£S DB
RUNNING TIME
REMARKS w72 & LD csoct2A 72 A v

OPERATOR 2.0
1UZ

EOS FORM No 304 “7127-Final
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———pESRE-D ——mz zam Eam——
7 VoM i jp——— ;
NOLIVHEIA WOANVY

(-2 -

i

103

wind i

4 - g

.+w1 I
i : \
S S Rt e
— ” I

- i L H .
w ”
m&mw\; N 1 m “
: o ! '
H . i N

: ; ; j -
B 5 o S w M
,mwnﬁ i ,W ” w :

o ]
M,»m: AW,«

7127~-Final




DATE _4-34 7

DESCRIPTION OF TEST SPECIMEN (P/N & S/N)

‘RANDOM VIBRATION

PAGE _©_oF_1©

DS Sessuee vy Ao 1010 38000 3 T o

RANDOM SPECTRUM X -4#/s

g”/c.p.s.)

4 1 : /

"POWER SPECTRAL DENSITY (PS.D. :

/ B
Py
/) N
08 7

/

4
/
)4

) i fo0 Zpco

FREQUENCY (c.p.s.)
RMS. G's OF RANDOM SPECTRUM

L. 3

EQUALIZATION TOLERANCE +

L3S DB;-__ /S

RUNNING TIME __JArw) .

DB

bt
SEiias

REMARKS __ Zes— fior

OPERATOR

EOS FORM No 304 7127-Final

104



bt

R——

g

S N L

DU Mo

7127-Final

]
T
| -
;
=
T
e
i
4
}
: ) !
T ! ;
1 i T '
" i L |
SR I W
111111 I i
I - 1 i !
X RN RN | ,
i i I
i ]
LL ! ; ; ;
; . o R
i 1 1 [ ¢ [
; i | ; !
r TL,L, : : “ * ”
—— i I T ]
“ | | m i i
! ] i I L

TOD MESST R I3H44NIN

¥ 5 noNp3OvH SIAHONI 0L X £
2840 9P HOINI 3HL OL 01 X Ol

-

A z i i

24

]

[Pa—



RANDOM VIBRATION
DATE #4327 »

DESCRIPTION OF TEST SPECIMEN (P/N & S/N)

pace _&_or 1@

_ PS Pl Tvrau Moo om0 3F- 003 %.‘/

RANDOM SPECTRUM Gt 4rs

: g¥c.p.s.)

0'4 h !

.08 : 4

POWER SPECTRAL DENSITY (PS.D.

A

Ol ‘/

20 -l 200 oo

FREQUENCY (c.p.s.)
RMS. G's OF RANDOM SPECTRUM /2. 3

EQUALIZATION TOLERANCE + 43 DB; - __ 4%

RUNNING TIME

DB

REMARKS A 7wl LT icsoc/2aFrcIn

OPERATOR P27

EOS FORM No 304 /127-Final 106
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'RANDOM VIBRATION

DATE__é.Z;é'Z paGE _!2 ofl@
DESCRIPTION OF TEST SPECIMEN (P/N & S/N) :
2LS [Mesmre ~<turzos Atg) 10003F-op0s T 4/

RANDOM SPECTRUM ¥ ##'S

: g¥c.p.s.)

POWER SPECTRAL DENSITY (PS.D.

- 14' P 7
/ N
.05 b h
/
f i
B2 4 -

zZo -5 Zoo Zevo j*’

FREQUENCY (c.p.s.)

RMS. G's OF RANDOM SPECTRUM /2.3

EQUALIZATION TOLERANCE + LS DB; - _/4s : DB
RUNNING TIME __= sru’

REMARKS__-ﬁ:;_&y.

OPERATOR

_ EOS FORM No 304 7127-Final - 108
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RANDOM VIBRATION

DATE _#-3-¢ o
DESCRIPTION OF TEST SPECIMEN (P/N & S/N)

' S 7pe ) —go0 3 Sa
RANDOM SPECTRUM X -44/s |

PAGE {2 _oF 1@

: g¥7c.p.s.)
|

POWER SPECTRAL DENSITY (PS.D.

-4 7 ' S
\
05
A
/
)4
-1y 3 .
7Y 1e 265 2000
FREQUENCY (c.p.s.)
RMS. G's OF RANDOM SPECTRUM /72 3
EQUALIZATION TOLERANCE + yARY 0B; - A4S )]

RUNNING TIME ___ S &et .

REMARKS W@M&}M&@_ .
4 N ,

OPERATORM . :
EOS FORM No 304 7 7197-Final 110
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ELECTRO-OPTICAL SYSTEMS, INC.
A Subsidiary of Xerox Corporation

ENVIRONMENTAL TEST REMARKS
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APPENDIX E
RCS PRESSURE SWITCH S/N 4

s Effects of 100,000 exposures to O&R internai combustion engine* pres-
‘ sure cycles

o Speed = 6000 rpm;‘hblrating =1

Q% Mean effective pressure generated: 125-130 psi

Cylinder head temperature > 300°F

Combustion temperature >> 1200°F

Test duration = 18 minutes

Fig. Fig.
E-1 Test setup E-1-1 Test fixture (O&R cylinder head

s , modification)
- E-1-2 Sketch of cylinder head modifica-
tion required for PT 150

instrumentation

el E-1-3 Shape of pressure pulse in O&R
engine

?“ E-2 Calibration charts E-2-1

E-2-2

*Model IT1 Base Mount
O&R Engines Inc.
3340 Emery St.

Los Angeles, Calif.
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ALUMINUM
ADAPTER

MODIFIED O&R
- CYLINDER HEAD

B

Figure E-1-2,

DRILL .250 DIA. THRU CYL.WALL
DRILL & TAP 7/16-20

THREAD x .75" D?

e 85

T

. 4
110 —,
7/
7/,
Z, /
7, //
N 4 /
N\ V4
7/
\ 7/
N\ )
) .68 DIA.
dj?
o G
Rk 4

Combustion Pressure Transducer

7127-Final
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‘Cylinder Head Adapter for O & R Engine for PT 150 Water Cooled




SENSITIVITY

HORIZONTAL =
2 ms/cm

VERTICAL =
20 mV/cm

HORIZONTAL =
2 ms/cm

VERTICAL =
5 mV/cm

'SCOPE = 541 A
"D" PLUG - IN

W

Figure E-1-3, Shape of Pressure Pulse in G & R, 1-HP, 2 Cycle
Gasoline Engine
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PRECEDING PAGE BLANK NOT FILM

APPENDIX F

o RCS PRESSURE SWITCH S/N 4

Effect of shock wave pressure pulses on switch point

Fig.
F-1 Test Setup
F-2 Response Time Test Data and Calculations

F-3 Calibration Chart
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PRECEDING PAGE BLANK NOT FiLmgi.,

~ 0SCILLOSCOPE =
TEKTRONIX 543
WITH TYPE "H"
PLUG-IN

VERTICAL =
10 v/em

HORIZONTAL =
0.1 ms/cm

—={~— TIME FOR ELECTRONICS TO SWITCH = MICROSECONDS
oy T "OFF" PULSE

"28V DC" e "ON" PULSE

L- TIME TO RISE 8.3 psia= 250 p sec.
.".TIME TO ACHIEVE 100% OF SWITCH POINT PRESSURE

14,7 23 psia

Pres

= %—3-3 X 250 = 700 MICROSECONDS

& ( LESS TIME FOR SHOCK WAVE TO TRAVEL
51/8inch =5 1/8 inchx 404 sec
= 500 p sec inch

Figure F-1, Shock-Tube Setup Used {pen-Ended
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Smsms aen

535 A *SCOPE
AND TYPE *H® PLUG-IN

PRESSURE GAGE
REGULATOR

. [o]
VALVE TO POWER SUPPLY L
VENT

PNEUMATIC ‘ 1 9

LINE TO *SCOPE TRIGGER
CIRCUIT DIRECT

e § A

N
DN

N

\

SS9y

<
D
o R T s

A P AN b 2

5178 “ RCS PRESSURE SWITCH
S/N 4; 28 V APPLIED

SEAL-OFF

MECHANISM

PIEZORESISTIVE
TRIGGER

0.004 in SOFT ALUMIMUM
BURST DIAPHRAGM

1. PRESSURE P, =554 psio

2, PRESSURE P1 = 14,7 psto

P .
3. PRESSURE RATIO= —> = 377
<]
! P
-. THEORETICAL AIR TO AIR SHOCK —2 42
STRENGTH P

AND:M = 1,9-ON THE ASSUMPTION THAT PERFECT

GAS LAWS APPLY, THAT SPECIFIC HEATS ARE CONSTANT
AND THAT FLOW IS ADIABATIC.

AMBIENT TEMPERATURE = 77°F

2 .
4. AT M= 1.9 SPEED OF SOUND IN AlR~ 6 microseconds  _ 40pm sec

inch X 1.9 i Tinch

Figure F-2. RCS Pressure Switch Response Data
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APPENDIX G

ACCEPTANCE TEST PLAN, TEST RESULTS,
AND REFERENCED DOCUMENTS

A, Summary

Referenced Documents e _as

1. Attachmend No. 1 Fig. 3

2. Attachment No, 3 See Fig. G-1, Drawing 204154

3. Attachment Nos. 4A, 4B, See Appendix B: Figs. B-1 through
4C, and 4D B-4

4. Attachment Nos. 5A, 5B, See Appendix C: Figs. C-1 through
5C, and 5D C-4

5. Attachment No. 6 See Appendix F

6. Attachment No., 7 See Appendix A (36 items)
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WA 7127 A. SUMMARY 31 March 1967
NAS9-6409 n

- ACCEPTANCE TEST PLAN CONDUCTED AT EOS
, and g
RESULTS ON RCS PRESSURE SWITCH MODEL 101038-0003, S/N's 1, 2, 3&4 '

1. Mechanical Configuration:

Reference Installation Drawing No. 101038-0003 Rev. B, attachment #l.

2. Weight:
2.1 Pressure sensor 19 grams

2.2 Signal conditioner 59 grams

Total, including cable = 83 grams

3. Connector:

Reference Drawing No. 101038-0003 (see attachment #1).

4. Workmanship: _
Reference S/N 1 through S/N 4, "Traveller Sheets'.

5. Identification Markings of Product: ;

Reference "Engraving" Drawing No. 204154-0001, attachment #3.
6. Overpressure Rejection for Type I Pressure Switch (23 PSIA)

6.1 Completed as part of Verification Test Plan; raw Xeroxed data included

as attachment #4A, 4B, 4C, 4D.

7. Sensitivity of Switch Point to Variations in Supply Voltage:
7.1 See attachment #5A, 5B, 5C, 5D.

7.2 Maximum current drain (@ 37 Vdc supply voltage). .

S/IN1 474 MA. |

S/IN 2 4.74 MA.

S/IN 3 4.76 mA,

s/N & 4.7 MA

7127-Final 130




[t
t
1
N
1

) 8. Transducer Characteristics:
8.1 Switching output signal: S/N "ON" "OFF"
1 Rl &L v
2 FE Vil WA
3 27 ve e
4 P LT
8.2 OQutput impedance: BETWEEN BETWEEN
Connector Pins: B&C B & D TIED TO C
S/N 1 ko N
S/N 2 ST K <2 &/ k<
~ /N 3 45k <2 43k -2
] S/N 4 /36 2 /3
@g 8.3 Transducer response time:
. Completed as part of Verification Test Plan; response of a typical

Type 1 transducer<Z M) MS response from zero to peak pressure, from
a shock wave front. Raw Xeroxed copy of Polaroid of output included

as attachment 6.

8.4 Transducer insulation resistance:

S/N1 > Megohms at 100 Vdc = o0

S/N 2 > 11 1] t - O
L S/N 3 - 1" 1 " = O
S/N 4 > 1] 13 11 = o0

8.5 Transducer "isolation' resistance (usually "input" from "output").

'34 NOTE: All units have a common input and output pin: Terminal B.
See attachment #1.

9. Threshdfd Variétibn'with.Temperature:

Data completed as part of Verification Test Plan. Thirty-six pages of

raw data are included as part of attachment #7.

.Witnessed. by : &' b.’%&@
»;{/Ezaé } ﬂz/(7

J. Delmonte
Project Engineer 4 * 4' ‘7
"0‘*'«-A
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